ABSTRACT Broiler breeder females were grown to similar 20-wk BW with diets containing levels of CP ranging from 11 to 20% CP in four experiments. At 20 wk of age, the pullets were mixed with sex-separate reared males, grown with a 17% CP, 2.89 kcal ME/g diet. Treatment BW at 20 wk of age were between 1.94 and 2.11 kg per pullet. Birds were photostimulated at 20 wk of age. Irrespective of cumulative energy intake or 20-wk BW, pullets that consumed less than 1,180 g of CP exhibited reduced fertility. These results demonstrate a relationship between CP intake by females during rearing and subsequent fertility.
INTRODUCTION
Fertility problems are often associated with broiler breeder males (Hocking, 1990; Mauldin, 1992) . VanKrey and Siegel (1974) also demonstrated that female lines selected for high 8-wk BW had lower levels of fertility and a shorter duration of spermatozoal storage. McDaniel et al. (1981) demonstrated differences in female fertility due to different feeding programs during the laying period. Although Luther et al. (1976) concluded that BW at sexual maturity, irrespective of diet or feed restriction method, was the most important determinant of broiler breeder performance, there have been reports that demonstrate the value of additional protein prior to onset of lay. Cave (1984) and Brake et al. (1985) demonstrated improved egg production due to an increased protein intake during the 18-to 24-wk prebreeder period. Parker and Arscott (1971) and Soller and Rappaport (1971) suggested that selection for increased broiler growth rate reduces fertility. However, the delayed sexual maturity of a Japanese quail line selected for high 4-wk BW can be ameliorated by feeding a dietary protein level (28%) during rearing that was commensurate to that fed during the selection process (Lilburn et al., 1992) . This finding suggests that rearing female broiler breeders on increased dietary protein may also be beneficial. The objective of the present study was to determine the effects of feeding diets containing different levels of protein to broiler breeder pullets during the rearing period on subsequent fertility.
MATERIALS AND METHODS

Rearing Management
Four experiments were conducted to examine the effects of cumulative nutrient intake during rearing on fertility of commercially available broiler breeder females. Arbor Acres 3 slow-feathering strain broiler breeder females and Arbor Acres broiler breeder males were used for Experiments 1, 3, and 4. Cobb 500 4 slow-feathering strain broiler breeder females and Cobb 500 broiler breeder males were used in Experiment 2. In Experiments 1 and 4, chicks were placed in a 20-pen growing house with 16 pens for females and 4 pens for males. Each 3.96 × 3.96 m pen was equipped with 750 cm of linear feeder space (six tube feeders) and two automatic waterers. 5 At placement there were 80 females and 50 males in each female and male pen, respectively. In Experiments 2 and 3, chicks were placed in a 14-pen growing house with 12 pens for females and 2 pens for males. Each 3.66 × 10.97 m pen was equipped with 1,500 cm of linear feeder space (12 tube feeders) and four automatic waterers. At placement there were 225 females and 200 males in each female and male pen, respectively. In all four experiments, access to water was limited by a time clock and solenoid system sufficient to control litter moisture and allow the birds to have unlimited access to water while feed was present. All birds were reared to 20 wk of age under an 8 h light:16 h dark photoperiod. All females were grown on restricted feeding programs with BW reflecting commercial standards common at the time of the experiments, with the exception of females grown on the 11% CP and 20% CP diets of Experiment 1. The BW of these pullets were below and above, respectively, BW standards initially, but reflected the standards later in rearing as the feed intakes were adjusted. Sample BW were taken weekly on 10 to 20 pullets to monitor growth and development. All pullets were weighed at 20 wk of age.
Experimental Diets
To avoid problems with amino acid digestibility, diets were formulated primarily with corn, 48% CP soybean meal, and wheat middlings, the proportions of which were varied to achieve the desired calculated dietary percentage CP. Samples of all mix batches were analyzed for percentage CP to confirm the desired levels. The diet analyses are shown in Tables 1 to 4. Lysine was maintained at 5.0 to 5.5% of crude protein and methionine plus cystine at 78% or more of lysine to ensure a similar balance of essential amino acids in all diets in a manner similar to the practical diets fed to broiler breeder pullets.
In Experiment 1, from hatch to 18 wk of age, females were grown with one of four different diets that contained 11, 14, 17, or 20% CP (Table 1) . Each of the four diets was fed to four pens of 80 females. Males were grown sexseparate with the 17% CP diet. From 18 to 24 wk, all birds received the 17% CP diet followed by a breeder diet (Table  1 ) from 25 to 64 wk.
In Experiment 2, from hatch to 24 wk of age, females were grown with one of two different diets that contained 14 or 17% CP (Table 2) . Each diet was fed to six pens of 225 females. Males were sex-separate grown on the 17% CP diet to 24 wk. From 25 to 64 wk of age, all birds received a breeder diet (Table 2) .
Females in Experiment 3 were grown from hatch to 20 wk of age with one of three different diets that contained 14, 15.5, and 17% CP (Table 3) . Each of the three diets was fed to four pens of 225 females. Males were grown separately with the 17% CP diet. From 21 to 24 wk of age, birds received a prebreeder diet, and from 25 to 64 wk of age birds received a breeder diet (Table 3) .
In Experiment 4, from hatch to 20 wk of age, females were grown with one of four different diets that contained 14, 15, 16, or 17% CP (Table 4) . Each of the four diets was fed to four pens of 80 females. Males were grown sexseparate with the 17% CP diet. All birds consumed the 16% CP diet from 21 to 24 wk of age, followed by a breeder diet from 25 to 64 wk.
Breeding Management
In Experiments 1 and 4, birds were moved to a 16-pen curtain-sided breeder house at 20 wk of age. FIGURE 1. Fertility during the laying period as affected by dietary crude protein of the female grower diet in Experiment 1. Females were fed diets containing 11, 14, 17, or 20% CP from hatch to 18 wk of age followed by a 17% CP prebreeder diet from 19 to 24 wk of age and a 16% CP breeder diet from 25 to 64 wk of age. Approximately 60 females and 6 males were housed per pen. Each breeder pen was equipped with 2/3 wood slats and 1/3 litter floors, two automatic waterers, four tube feeders, and one 12-hole galvanized nest box. In Experiments 2 and 3, birds were moved to a 12-pen curtain-sided breeder house at 20 wk of age. Approximately 200 females and 20 males were housed per pen. Each breeder pen was equipped with 2/3 wood slats and 1/3 litter floors, four automatic waterers, 12 tube feeders for females and 2 tube feeders for males, and four 12-hole galvanized nest boxes. Pen dimensions of the laying house were similar to those of the growing house. With the exception of hand feeding, the housing and management were comparable to commercial standards. The photoperiod was extended with artificial light to 14 and 15 h at 20 and 22 wk, respectively, and to 15.5 and 16 h at 5 and 50% rate of lay, respectively.
Eggs were collected twice daily and stored in a cooler at 18.6 C until incubated. Eggs laid on the floor and slats were collected separately and not incubated. There were 20 and 24 incubation sets of 60 eggs per replicate pen in Experiments 1 and 4, respectively, and 23 incubation sets of 144 eggs each per replicate pen in Experiments 2 and 3 between 28 and 64 wk of age. All unhatched eggs were opened and examined macroscopically for evidence of embryological development. Fertility and stage of embryonic mortality were determined.
Statistical Analysis
All fertility data were summarized on an overall cumulative pen basis prior to analysis and into age-based quartile time periods. In Experiments 1, 3, and 4, data were subjected to a one-way ANOVA within age quartiles and orthogonal contrasts among diets within different age quartiles. Variation among pens was used as the source of the error term. In Experiment 2, data were subjected to a one-way ANOVA within age quartiles. Data from all experiments were also analyzed on a cumulative basis. Variation among pens was used as the source of the error term. All statistical analyses were conducted using the SAS ® software (SAS Institute, 1990) . Percentage data were subjected to arc sine transformation prior to analysis. Statements of statistical significance are based on P ≤ 0.05 unless otherwise stated.
RESULTS
For Experiment 1, the effects of grower diets and week of age on female broiler breeder fertility are shown in Figure 1 . Overall, the 11% CP diet resulted in the lowest percentage fertility compared to the 14, 17, or 20% CP diets ( Table 5 ). Females that consumed the 11% CP grower diet had the lowest fertility but the effect was not significant before 37 wk. These females also experienced high mortality (22% of all hens), largely due to injuries from mating. During the 57 to 64 wk of age quartile, the females that consumed the 20% CP diet had a higher percentage fertility than those that consumed the 11% CP diet, whereas effects of the 14 and 17% CP grower diets were intermediate. The orthogonal contrast also demonstrated that the females fed the 20% CP diet, as compared to the three lower protein diets, had significantly higher fertility during the 37 to 46 and 47 to 56 wk of age quartiles (Table 5) .
The effects of grower diets and week of age on female broiler breeder fertility in Experiment 2 are shown in Figure 2 . Overall, significant differences were found in percentage fertility due to the different female diets fed during the growing period (Table 6 ). Analysis of the data by age quartile demonstrated that the females fed FIGURE 3 . Fertility during the laying period as affected by dietary crude protein of the female grower diet in Experiment 3. Females were fed diets containing 14, 15.5, or 17% CP from hatch to 20 wk of age followed by an 18% CP prebreeder diet from 21 to 24 wk of age and a 15% CP breeder diet from 25 to 64 wk of age. the 17% CP diet had significantly higher fertility until 45 wk of age. Although the percentage fertility remained higher throughout the production period, statistical differences were not found.
The effects of grower diets and week of age on female broiler breeder fertility in Experiment 3, are shown in Figure 3 . Overall, significant differences were found in percentage fertility due to the three grower diets (Table  7) . Analyses within the different age quartiles also revealed significant differences in fertility. During the 37 to 46 wk of age quartile, fertility was significantly lower for the females fed the 14% CP diet than for females that consumed the higher protein diets. During the 57 to 64 2 The number of 60 egg incubation settings in each of the four treatment replicates in quartiles 1 through 4 was 5, 6, 6, and 3, respectively.
3 SE for n = 4 calculated from fertility within age quartile analysis. 4 SE for n = 4 calculated from overall fertility analysis.
*P ≤ 0.05. **P ≤ 0.01. ***P ≤ 0.001. 2 The number of 144 egg incubation settings in each of the six treatment replicates in quartiles 1 through 4 was 9, 5, 6, and 3, respectively.
3 SE for n = 6 calculated from fertility within age quartile analysis. 4 SE for n = 6 calculated from overall fertility analysis. wk of age quartile, fertility for the females fed the 14% CP diet was significantly lower than those fed the 15.5% CP grower diet; the 17% CP diet was intermediate. The orthogonal contrast confirmed that fertility for the females fed the 14% CP diet was significantly lower during both of these age quartiles than for females fed the higher protein diets (Table 7) . The effect of grower diets and week of age on female broiler breeder fertility in Experiment 4 are shown in Figure 4 . During the 57 to 64 wk of age quartile, females fed the 16% CP diet had higher fertility than those fed the 15% CP diet with the 14% and 17% CP dietary treatments being intermediate (Table 8) . Orthogonal contrasts demonstrated a separation between the two lowest protein diets compared to the two highest protein diets, with the birds fed the higher protein diets (16 and 17% CP) exhibiting greater fertility (Table 8) .
The cumulative intakes of CP and metabolizable energy to 20 wk of age, the point of photostimulation, are shown for Experiments 1 to 4 in Table 9 . Female BW at 20 wk (photostimulation) is also shown. Although considerable differences in cumulative nutrient intake were accomplished, the female BW was not affected.
DISCUSSION
Considering the results of Lilburn et al. (1992) , who corrected the late sexual maturity of a heavy 4-wk BW line of Japanese quail by feeding a high protein feed during rearing, one may conclude that the present study showed that reduced female fertility may Broiler breeder fertility as affected by grower diet and week of age, Experiment 3 a,b Means within column with no common superscript differ significantly (P ≤ 0.05). 1 Arbor Acres pullets were fed grower diets from Week 0 to 20, a 18% CP breeder from Week 21 to 24, and a 15% CP breeder diet was fed from Week 25 to 64.
2 The number of 144 egg incubation settings in each of the four treatment replicates in quartiles 1 through 4 was 9, 5, 6, and 3, respectively.
3 SE for n = 4 calculated from fertility within time quartile analysis. 4 SE for n = 4 calculated from overall fertility analysis. a,b Means within a column with no common superscript differ significantly (P ≤ 0.05). 1 Arbor Acres pullets were fed grower diets from Week 0 to 20, a 16% CP prebreeder diet from Week 21 to 24, and a 16% CP breeder diet from Week 25 to 64.
2 The number of 60 egg incubation settings in each of the four treatment replicates in quartiles 1 through 4 was 6, 7, 7, and 4, respectively. 3 SE for n = 4 calculated from fertility within each age quartile analysis. 4 SE for n = 4 calculated from overall fertility analysis. The diets of the present study were designed to reflect the normal range of diets for female broiler breeders used in the U.S. and international markets, with respect to protein:energy balance and amino acid ratios (Arbor Acres, 1994) . The 14% CP diet was formulated to contain 0.72% total lysine as suggested by a breeding company as being adequate for the rearing period (Arbor Acres, 1994) . The 17% CP diet, with a typical 2.9 kcal ME/g used in the U.S., would be proportional to a 15.8% CP diet at 2.7 kcal ME/g or 15.2% CP diet at 2.6 kcal ME/g. These lower energy diets are not atypical internationally (Brake and Blakely, 1993) . The dietary CP intakes of the present study reflect the balance of the essential amino acids (lysine, methionine plus cystine) normally found in practical diets used to rear broiler breeders. Although the conclusions can be stated only in general terms, they do represent quantitative data not previously reported. Thus, within the limitations of the experimental design and facilities, the diets reflected the range of nutrient intakes that might be encountered.
The diets in Experiment 1 evaluated an extremely wide range of dietary CP intake. When pullets were fed the 11% CP diet during the growing period, fertility was decreased during the latter three periods of lay relative to that under the other diets. Conversely, pullets fed the 20% CP diet had the most persistent fertility, achieving 95% fertility at 65 wk of age without sex-separate feeding during the laying period (Figure 1 ). There were no differences between the 14% CP and 17% CP females of Experiment 1 but differences between similar diets were evident in Experiment 2. Although fed a similar diet, the 14% CP pullets of Experiment 2 consumed less cumulative protein prior to photostimulation (Table 9) . Furthermore, the females in Experiment 1 were given a period of prebreeder nutrition from 18 to 24 wk of age. This nutritional regimen increased the protein intake for the 11% CP and 14% CP females during the time of most accelerated reproductive tract development. Increased CP intake during this time period has been shown to have near-term and long-term effects on egg production (Brake et al., 1985; Lilburn and Myers-Miller, 1990 ). The present data suggest that protein-deficient females can be at least partially repleted prior to lay with beneficial effects on initial fertility. Females fed 14% CP diets in Experiments 3 and 4 had reduced fertility, especially late in the laying period. In these experiments, breeder hens grown on either the 15.5% CP diet at a cumulative protein intake of 1,221 g (Experiment 3) or the 16% CP diet at a cumulative protein intake of 1,180 g (Experiment 4) ( Table 9 ) had persistent fertility. These cumulative amounts were above the 14% CP treatment intake of 1,125 g in Experiment 2, but similar to the 1,238 g consumed by the pullets fed 14% CP diets in Experiment 1. These calculations provide an explanation why similar diets can produce dissimilar results. These data suggest that at least 1,180 g of CP, assuming a reasonable amino acid balance, must be consumed prior to photostimulation if a flock is to achieve acceptable persistency of fertility. Although the 17% CP treatment group of Experiment 4 consumed above the 1,180 g CP, the lower fertility exhibited late in laying is thought to be due to higher than average male mortality experienced early in the laying period and not related to the female treatment. Nevertheless, orthogonal contrasts indicated that the females fed 16% CP and 17% CP diets had better persistency of fertility during the 57 to 64 wk of age quartile than those fed the 14% CP and 15% CP diets.
Experiments 1, 2, and 3 demonstrate clearly that dietary nutrient intakes during rearing affect subsequent fertility, irrespective of BW. However, it was not entirely clear whether the effect was due to protein or energy intake. Experiment 4 addressed this issue by rearing females on isocaloric feeding programs (Table 9) . It is important to note that increasing the protein intake had no effect on 20-wk BW but did have an effect on fertility during the 57 to 64 wk of age quartile (Table 8 ). The lack of a BW effect suggests that intake of ME and not CP, is more important to control BW gain. The females fed 14% and 17% CP diets in Experiment 1 showed the same effect. The delayed effect on fertility in Experiment 4 was consistent with the cumulative protein intakes of other experiments (Table 9 ) and the use of a prebreeder feed (Table 4) .
With the onset of sexual maturity comes an increase in the reproductive development of the female (Schjeide et al., 1963; Yu and Marquardt, 1974) . Hens selected for high BW have reduced spermatozoal storage (VanKrey and Siegel, 1974) . We propose that adequate amounts of dietary crude protein during rearing are required for optimum development of the oviduct and spermatozoal storage capacity.
These results suggest that a specific dietary protein requirement during the rearing period of broiler breeder females to maximize fertility. It is further suggested that the reported decrease in fertility due to genetic selection for growth (Soller and Rappaport, 1971 ) is quite possibly the result of increased nutrient requirements due to genetic selection for growth. Therefore, a nutritional program designed to achieve a given BW standard during rearing may not provide optimal reproductive development.
